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Abstract: This study examined inter-observer agreement and diagnostic accuracy in
classifying radiographs for pneumoconiosis among Asian physicians taking the AIR Pneumo
examination. We compared agreement and diagnostic accuracy for parenchymal and pleural
lesions across residing countries, specialty training, and work experience using data on 93
physicians. Physicians demonstrated fair to good agreement with kappa values 0.30 (95% CI:
0.20-0.40), 0.29 (95% CI: 0.23-0.36), 0.59 (95% CI: 0.52—-0.67), and 0.65 (95% CI: 0.55—
0.74) in classifying pleural plaques, small opacity shapes, small opacity profusion, and large
opacities, respectively. Kappa values among Asian countries ranging from 0.25 to 0.55
(pleural plaques), 0.47 to 0.73 (small opacity profusion), and 0.55 to 0.69 (large opacity size).
The median Youden’s J index (interquartile range) for classifying pleural plaque, small
opacity, and large opacity was 61.1 (25.5), 76.8 (29.3), and 88.9 (23.3), respectively.
Radiologists and recent graduates showed superior performance than other groups regarding
agreement and accuracy in classifying all types of lesions. In conclusion, Asian physicians
taking the AIR Pneumo examination were better at classifying parenchymal lesions than
pleural plaques using the ILO classification. The degree of agreement and accuracy was

different among countries and was associated with background specialty training.

Keywords: AIR Pneumo, Chest radiograph, Diagnostic accuracy, Occupational health,

Pneumoconiosis, Reader agreement



66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

CLASSIFYING PNEUMOCONIOSIS BY AIR PNEUMO READERS

INTRODUCTION

Pneumoconiosis, a diffuse lung disease caused by inhaled industrial or environmental
dust, presents radiographically with multiple reticular or variable-sized nodular opacities?).
Pleural plaque, an irregular, circumscribed area of dense, firm, fibrous tissue, usually
resulting from asbestos exposure, appears radiographically as discrete areas of pleural
thickening®. Screening for lung or pleural changes in a dust-exposed worker is performed
primarily by periodic reviews of chest radiographs®. The detection and interpretation of the
two conditions in a chest radiograph is highly subjective and reader-dependent. To
standardize reports and facilitate international comparison of data, the International Labour
Office developed a classification system (ILO classification)®. This classification system is
composed of guidelines and a set of standard radiographs, exemplifying the spectrum of the
disease. The ILO published the first edition in 1950 and made several revisions to clarify
ambiguities in earlier editions but preserved the basic structure of the system. Since its
establishment, the ILO classification is increasingly being adopted internationally for use in
epidemiological research, screening, and surveillance of pneumoconiosis.

Screening and surveillance programs are very effective at detecting new cases of
pneumoconiosis and also provide information about trend and burden of disease in workers
exposed to mineral dust”. To promote the efficiency of screening programs in developing
countries, the Asian Intensive Reader of Pneumoconiosis (AIR Pneumo) provides training
and examination programs for raising physicians who can perform the ILO classification®. At
the end of 2019, more than five hundred physicians had received training since the program
began in 2006. The participating physicians have expertise in general medicine, occupational
medicine, public health, pulmonology, and radiology. They include physicians from several

developing Asian countries who were practicing in hospitals or working in corporations,
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government institutions and ministries. Most importantly, they have been working on
pneumoconiosis screening.

Despite using the ILO classification, substantial variation in the interpretation of
radiographs for pneumoconiosis exists among physicians’®. Thus, before sharing
epidemiological information, it is worth understanding the extent of inter-observer agreement
and diagnostic accuracy among physicians of Asian countries. Therefore, the objective of this
study was to examine the degree of observer agreement, diagnostic accuracy, and possible
causes for reader variability in classifying radiographs for pneumoconiosis using reading

results of Asian physicians taking the AIR Pneumo examinations.

SUBJECTS AND METHODS
AIR Pneumo’s examination film set

The AIR Pneumo’s examination film set is composed of 60 chest radiographs; the
diagnosis of each radiograph was established by a panel of experts formed by 12 National
Institute for Occupational Safety and Health of the United States (NIOSH) certified B
Readers. The technical quality of the radiographs was classified by the 12 B Readers as ILO
grade 1 (Good) or 2 (Acceptable, with no technical defect likely to impair classification of
the radiograph for pneumoconiosis)*. The 60-film set includes 20 radiographs with no
reticular or nodular lesions, 9 boundary cases (ILO profusion classification 0/1 or 1/0), and
31 radiographs with small opacities (ILO profusion classification 1/1 or higher). Among the
radiographs with small opacities, 20 have purely rounded while 4 have purely irregular
opacities. Of the 31 radiographs with small opacities, 9 also have varying sizes of large
opacities (opacities with the longest diameter larger than 1 cm). Nine of the 60 examination

films have pleural plaques with or without calcification. Details of the AIR Pneumo’s
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training program, development of training materials (including chest radiographs),

examination, and scoring system have been published previously® !9,

Physicians’ information and radiograph reading data

Our study used 5,580 readings of 93 physicians from the two examinations conducted
in Thailand (December 2018) and Indonesia (February 2019). They had taken the
examination after completing an intensive 2-day AIR Pneumo training course. Physicians’
information, including residing country, specialty training, and work experience, was
collected through self-administered questionnaires. During the examinations, physicians
independently read the chest radiographs on a standard view box in a comfortable reading
room (controllable lighting with no direct sunlight) and reported the findings on reading
sheets according to the ILO classification. They were given three hours to classify 60
radiographs. Each radiograph was graded for technical quality. Small opacities were
classified according to their shape (rounded or irregular), size (size up to 1.5mm, 1.5-3 mm,
or 3-10 mm), location (upper, middle, or lower lung zones), and profusion. Profusion was
determined by side-by-side comparison with ILO standard radiographs and classified on a
twelve-point scale with increasing order of concentration (codify as 0/— to 3/+ within four
major profusion classifications: 0, 1, 2, and 3). Large opacities were classified as size A, B,
or C, corresponding to size up to 5 cm, up to right upper lung zone, or exceeding right upper
lung zone. The presence or absence of pleural plaques, their extent and width if any were
recorded. We extracted data on the profusion and shape classifications of small opacities. We
also obtained the size classifications of large opacities and the presence or absence of pleural
plaques. Classifications on the size and location of small opacities and the technical quality of

radiographs were not the purpose of this study.
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Statistical analysis

We grouped physicians according to their residing country, specialty training, and
experiences. Considering the number of years required to develop medical experience or to
enroll in specialty training, years after graduation was grouped as “5 or fewer years”, “6 to 10
years”, or “11 or more years”. Information on the total number of reviewed pneumoconiosis
chest radiographs, the participating physicians have encountered since they became
physicians, was collected as “none”, “less than 107, “10 to 50”, or “50 or more”. For small
opacity profusion, we examined inter-observer agreement on four major profusion
classifications as they showed a close correlation to the clinical severity of “normal,” “mild,”
“moderate”, or “severe” conditions'". When computing agreement on small opacity shape,
we used only the data of 40 radiographs, i.e., 9 boundary cases and 31 radiographs with small
opacities. For the other analyses, we used data of all 60 radiographs. We used a Stata module
‘kappaetc’ to compute inter-observer agreement in physicians overall and each group formed
by residing country, specialty training, or experience'?. This command can handle any
number of observers and any number of categories. It calculates the agreement coefficient by
averaging the observed agreement over all pairs of observers. It also provides seven
prerecorded weights, suitable for any level of measurement. We computed weighted Fleiss’
kappa to quantify the degree of agreement in classifying small opacity profusion and large
opacity size and unweighted Fleiss’ kappa for agreement on small opacity shape and the
presence or absence of pleural plaques'®. The result was interpreted values <0.2 as poor
agreement, 0.21-0.4 as fair, 0.41-0.6 as moderate, 0.61-0.8 as good, and 0.81-1.0 as almost
perfect agreement. Accuracy, in this study, was the ability to discriminate between normal
and abnormal radiographs, i.e., the ability to classify a radiograph for the presence or absence
of small opacities, large opacities, or pleural plaque; the true condition for each chest

radiograph was determined based on the reading results of expert panel. Accuracy of the
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physicians was assessed by using only the chest radiographs that were in complete agreement
for the presence or absence of small opacities, large opacities, or pleural plaque by all expert
B Readers. There were 31 radiographs with and 20 radiographs without small opacities; 9
radiographs with and 41 radiographs without large opacities; 9 radiographs with and 30
radiographs without pleural plaques. A classification of 1/0 or higher profusion and any of
the size classifications for large opacity by the physicians was considered as identification of
small opacities and large opacities, respectively. We examined the accuracy of each
physician group by plotting receiver operating characteristic (ROC) curves and computing
area under the curves (AUC) against experts’ diagnosis as a reference standard. An ROC
curve that plots sensitivity against 1-specificity allows visual inspection of the discriminating
power, while AUC quantifies the power with a value of 1.0 representing perfect
discriminatory ability and 0.5 being at chance level'¥. We used Stata’s ‘roccomp’ command
to execute ROC analysis. Assuming sensitivity and specificity are equally important in
identifying each type of lesion, we calculated Youden’s J index (i.e., sensitivity + specificity
— 1) as a global measure of accuracy for every physician'®; multiplying the index by one
hundred generated accuracy scores. For the accuracy score for small opacity shape
classification, we computed percent agreement with the reading results of expert panel. There
were 20 radiographs with purely rounded and 4 with purely irregular opacities. We then
compared the accuracy scores between physician groups using the Kruskal-Wallis test with
Bonferroni correction for multiple comparisons. All analyses were performed using Stata/MP
15.1 software (StataCorp., College Station, TX, USA). This study was approved by the
institutional review board of Kochi Medical School (approval number: 31-68). Written
informed consent from the participating physicians was waived, but opt-out consent was

obtained via e-mails instead.
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RESULTS
Table 1 presents information about our physicians. Information on specialty training

and experiences (years after graduation and the number of reviewed pneumoconiosis chest
radiographs) were not reported by some participating physicians. Physicians resided in India,
Indonesia, Malaysia, and Thailand. They had expertise in occupational medicine, public
health, respiratory health, and radiology. Specialties’ representation was uneven between
countries. Working duration since medical graduation ranged from 1 to 34 years. Eighteen
percent of our physicians reported they had never seen a pneumoconiosis chest radiograph,
while 44% encountered less than ten in their work.

(insert Table 1)
Table 2 presents the kappa values for classifying chest radiographs by physicians overall and
by the groups studied. Physicians showed fair to good agreement with kappa values 0.30
(95% CI: 0.20-0.40), 0.29 (95% CI: 0.23-0.36), 0.59 (95% CI: 0.52-0.67), and 0.65 (95%
CI: 0.55-0.74), respectively for classifying pleural plaques, small opacity shapes, small
opacity profusion, and large opacities. The degree of agreement was different among
physician groups. Physicians from Country 4, or groups formed by physicians who received
radiology training, or were five or fewer years working after graduation, achieved the highest
agreement in all types of lesion.

(insert Table 2)
Fig. 1 depicts the ROC curves and average AUC values of the physician groups for each
pneumoconiotic lesion. Table 3 compares physician groups for their accuracy scores.
Accuracy in identifying small opacities, large opacities, and the pleural plaques, as
determined by AUC and accuracy scores, was different among physician groups. Physicians
from Country 4, or with radiology training, or who were five or fewer years working after

graduation, showed the highest accuracy (Fig. 1 and Table 3). Accuracy scores for small
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opacity shape classification showed a similar pattern of differences (Table 3). No substantial
difference in accuracy was detected between groups formed by the reported number of
reviewed pneumoconiosis chest radiographs (Table 3).

(insert Fig. 1)

(insert Table 3)

DISCUSSION

To our knowledge, this study is the first in comparing inter-observer agreement and
accuracy in classifying radiographs for pneumoconiotic lesions using the ILO classification
among physicians from different Asian countries. We observed that the degree of inter-
observer agreement and diagnostic accuracy varied with the observer’s characteristics,
namely, residing country, specialty training, and time after graduation.

Physicians in this study showed better agreement in classifying parenchymal lesions
than pleural plaques using the ILO classification. However, they agreed on the shape of small
opacities poorly. The degree of agreement varied between countries, with kappa values
ranging from 0.47 to 0.73 (moderate to good agreement) on the distribution of small opacity
profusion, from 0.55 to 0.69 (moderate to good agreement) for large opacity size, from 0.25
to 0.55 (fair to moderate agreement) for the presence or absence of pleural plaques, and 0.18
to 0.56 (poor to moderate agreement) for small opacity shape classification. The poor
agreement between observers for the shape of small opacities was not unexpected. We have
noted that of the 40 radiographs with small opacities from the AIR Pneumo examination film
set, the expert panel agreed on small opacity shapes in only 24 radiographs. Moreover,
studies that examined the shape classification of small opacities reported substantial variation
existing between observers'® !, Not many studies have examined inter-observer agreement

involving multiple readers using the ILO classification. One Japanese study'®, which

10
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examined inter-observer agreement between film-screen radiography and two digital systems,
reported the kappa values for the distribution of small opacity profusion on a twelve-point
scale ranging from 0.55 to 0.64. However, their study involved a relatively small number of
subject radiographs (n=30) and readers (n=3). In an American trial where seven B Readers
classified 172 coal workers’ chest radiographs, the reported kappa value of 0.58 for
agreement on small opacity profusion was within the range of our results'”. In a German
study, seven physicians interpreted chest radiographs of 636 asbestos-exposed workers®.
Their reports of an overall kappa value of 0.29 for small opacity profusion was considerably
lower than the American study and ours, while 0.42 for pleural lesions was within the range
of our findings. Another American study” evaluated 79,185 matched readings by A and B
Readers from a coal workers’ surveillance program; moderate agreement was seen only on
the size of large opacities (kappa value 0.50). (A Readers and B Readers are certified by the
NIOSH of the USA. A physician can achieve A Reader status by attending a NIOSH-
authorized course on the ILO classification system or submitting radiographs to the NIOSH
with ILO classifications for review. To become a B Reader, a physician must pass a rigorous
competency-based examination and maintaining B Reader status requires passing the
recertification examination every 5 years. In the referenced study”, B Readers classified
more pneumoconiosis chest radiographs than A Readers did.) The authors concluded that the
differences between readers in terms of training in the use of ILO classification and reading
experiences were the likely reasons for the observed unsatisfactory agreement in classifying
pleural changes (kappa value 0.16) and small opacity profusion (kappa value 0.24)7. In
addition to the observers’ characteristics, we suggested that the differences in study designs
(including the number of radiographs and readers), the defined classifications for studied
conditions, and the quality of chest radiographs being classified might have also contributed

to the varying degree of inter-observer agreement found across studies.

11
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Specialty training affects the level of diagnostic accuracy and hence the degree of
agreement in classifying chest radiographs for pneumoconiosis. A past study reported the
existence of differences in diagnostic capability between specialties in reviewing chest
radiographs®”. Our observation of the radiologists' group showing the highest performance,
followed by the pulmonologists’ group and the other specialties, also support this (Fig. 1;
Table 3). Different physicians may have different thresholds for judging a chest radiograph
between normal and abnormal. They may also have differing abilities to observe and
recognize radiological appearances of pneumoconiotic lesions. The training to become a
radiologist or a pulmonologist differs from that of other specialties. Also, radiologists and
pulmonologists may have reviewed many more chest radiographs in routine work than
physicians of other specialties. In our study, we observed that radiologists made up the
highest proportion of “Country 4” and pulmonologists formed the majority in “Country 2”
(Table 1); this uneven representation of specialties between countries was the likely source
for differences found between countries.

Physicians' working years, as determined by years after graduation, did not ensure for
a better agreement or higher accuracy. We observed better performance from the recent
graduates (i.e., five or fewer years working after graduation) (Tables 2 and 3; Fig. 1). Uneven
distribution of radiologists and pulmonologists between groups in our study might be one
possible explanation for this observation. One previous study noted that to achieve high-level
expertise in radiology requires a combination of radiology-specific training and deliberate
practice, rather than an absolute number of working years?". Other reasons might be related
to the nature of the AIR Pneumo training program. Being younger, recently graduated
physicians might be able to absorb more information during the two days of intensive
training than their seniors. Also, recent graduates would still be familiar with the time-limited

examination environment and manage to produce better results.

12
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Physicians’ familiarity with the ILO classification and standard radiographs likely
plays a significant role in the reading performance of our physicians. A past study suggested
that the number of reviewed chest radiographs also contributed to the poor agreement
between A Readers and B Readers”. However, we observed that relatively more numbers in
reviewed pneumoconiosis chest radiographs appeared to be of no assistance to better
observer agreement or higher accuracy in our physicians. A possible explanation might be
that our physicians are not using ILO classification or the standard radiographs in their
routine work. And thus, their reading experiences could not provide superior results in a test
that required the ILO classification. Although we had not tested for it, our physicians’ levels
of understanding of the ILO classification might vary, contributing to the variation seen
among groups.

Our physicians’ diagnostic accuracy for pleural plaques appeared less satisfactory
compared with parenchymal lesions. This finding was very similar to that observed in the
U.S. B Reader program. Studies reported that physicians generally classify pleural changes
poorly compared with parenchymal lesions, and this nature was the same for physicians who
passed or failed the B Reader examinations?* 2. Without specific radiological expertise, the
detection of pleural plaques in a chest radiograph becomes challenging. Pleural plaques are
irregular, circumscribed lesions on the parietal pleura. Radiographically, they appear as
discrete areas of pleural thickening and are barely visible in some cases?. In posteroanterior
chest radiographs, shadows of anatomical structures (e.g., subcostal fat, serratus anterior
muscles) or pleural thickening secondary to medical conditions (e.g., trauma, infection) may
mimic plaques, and distinguishing them required a good knowledge of local anatomy and
considerable experience2*2%. A systematic review reported high false-negative and varying
false-positive rates in diagnosing pleural plaques on a chest radiograph?®. In a recent chest

radiograph reading trial involving four readers with different clinical and radiography

13
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interpretation experiences (one B Reader and three AIR Pneumo-certified physicians), the
investigators reported a lower detection rate for pleural plaques compared with those for
parenchymal lesions®®. They also demonstrated that the detection rate varied among readers,
with the most experienced one showing the highest rate. A similar trend was also seen in a
study using surveillance data, where B Readers having far greater experiences in diagnosing
pneumoconiosis identified more pleural plaques than A Readers did”. In the present study,
our physicians, except the radiologists, showed a lower accuracy in identifying pleural
plaques when compared with those of parenchymal lesions, indicating specific training is
required to develop diagnostic accuracy and improve agreement in the diagnosis of pleural
plaques.

Accurate diagnosis and reporting from physicians are vital to the success of screening
programs and disease prevention. The ILO/WHO’s Global Program for the Elimination of
Silicosis (GPES), aiming to eliminate new cases of silicosis from all workplaces by 2030, set
its strategy on early detection of diseases through surveillance along with dust exposure
control?”. Similarly, the WHO’s Global campaign for the elimination of asbestos-related
disease works through improving early diagnosis and establishing registries of people with
past and/or current exposures along with other primary preventive measures?®. A recent
article reported the worldwide occurrence of increasing incidence of pneumoconiosis for the
last three decades. Of the 60,055 incident cases in 2017, more than half occurred in Asia:
32,305 cases in China and 5,160 cases in India?. Moreover, as the importation and use of
asbestos in developing Asian countries has been continuing, a substantial number of people
may have been exposed to asbestos occupationally and non-occupationally®?. In these
circumstances, our findings have several important occupational and public health
implications. First, we reported the degree of inter-observer agreement and sources for

variation in classifying pneumoconiotic lesions among Asian physicians taking AIR Pneumo

14
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examination. The awareness of variability allows a careful comparison of results between
different studies and knowledge of the source enables us to recommend measures to correct
the variations. Second, we observed a low-level diagnostic accuracy and poor agreement in
classifying radiographs for pleural plaques. Pleural plaques indicate past exposure to
asbestos®!; in most cases, they are asymptomatic and often identified as incidental chest
radiographic findings*?. Attending physician's familiarity with the radiological appearance of
pleural plaques is central to their identification. The ILO standards radiographs illustrate a
spectrum of radiological appearances seen in all types of pneumoconiotic lesions, the use of
which permits physicians’ familiarity with radiological appearances of pneumoconiosis, and
thereby, improves diagnostic accuracy, especially for less experienced physicians®®. Training
in the use of the ILO classification, such as that provided by the AIR Pneumo, might promote
physicians’ reading skill further*?.

This study has several limitations. First, we used data derived from examinations.
Participants might expect more radiographs showing signs of pneumoconiosis and assess
them in a manner different from their routine work. However, we believed that the
participants' enthusiasm and compliance with the standard assessment procedure made the
data featured their actual performance in applying the ILO classification. Second, since our
physicians have a common interest in pneumoconiosis, findings in this study may not
necessarily represent the performance of Asian physicians in general. However, it should be
noted that our physicians are grossly representing the physician population in
pneumoconiosis screening in their respective countries. Third, we do not have information on
the requirements of specialty training in each country. But we believe these might differ
between specialties and between countries. We suggested the uneven specialty representation

within each country requires careful interpretation of individual country results. Fourth, the
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different number of readers among the groups studied might affect the estimated kappa

coefficients.

CONCLUSION

Reviewing chest radiographs using the ILO classification is the current international
standard in screening for pneumoconiosis. Asian physicians taking the AIR Pneumo
examination were better at classifying parenchymal lesions than pleural plaques using the
ILO classification. The degree of inter-observer agreement differed among countries, and this
difference was associated with a physician’s specialty training background. Specific training
on the use of the ILO classification, as provided by the AIR Pneumo, and continuing practice

would improve diagnostic accuracy and lessen observer variability.
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Figure legends

Fig. 1. Accuracy in classifying radiographs for the presence or absence of pneumoconiosis.
Average AUC values of physician groups formed by (A) country, (B) specialty, (C) years

after graduation, and (D) number of reviewed pneumoconiosis chest radiographs
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Table 1. Information of the physicians

Physicians Country
Total (n=93) (nié) (n:254) (n:3 10) (n:423)
Number of physicians (%)
Gender
Female 50 (53.8) 2(33.3) 32 (59.3) 5(50.0) 11 (47.8)
Male 34 (36.6) 4 (66.7) 17 (31.5) 5(50.0) 8 (34.8)
Missing 9(9.7) 0 5(9.3) 0 4(17.4)
Specialty
Pulmonology 40 (43.0) 0 38 (70.4) 1(10.0) 1(4.3)
Occupational medicine 25(26.9) 4 (66.7) 10 (18.5) 6 (60.0) 5(21.7)
Public health 4(4.3) 1(16.7) 0 2 (20.0) 1(4.3)
Radiology 15 (16.1) 0 2(3.7) 1(10.0) 12 (52.2)
Missing 9(9.7) 1(16.7) 4(7.4) 0 4(17.4)
Years after graduation
Median (range) 6 (1-34) 15 (5-30) 6 (1-34) 8.5 (4-23) 3 (1-34)
<5 37 (39.8) 1(16.7) 21 (38.9) 1(10.0) 14 (60.9)
6-10 27 (29.0) 2(33.3) 16 (29.6) 6 (60.0) 3(13.0)
>11 15 (16.1) 3 (50.0) 7 (13.0) 3 (30.0) 2 (8.7)
Missing 14 (15.1) 0 10 (18.5) 0 4(17.4)
Number of reviewed pneumoconiosis CXR
None 17 (18.3) 0 12 (22.2) 3 (30.0) 2 (8.7)
<10 41 (44.1) 2(33.3) 27 (50.0) 3 (30.0) 9(39.1)
<50 20 (21.5) 2 (33.3) 8 (14.8) 4 (40.0) 6 (26.1)
>50 6 (6.4) 2 (33.3) 2.7 0 2 (8.7)

Missing 9(9.7) 0 5(9.3) 0 4(17.4)




Table 2. Inter-observer agreement in classifying radiographs for pneumoconiosis?

Small opacity

profusion®

Small opacity
shape®

Large opacity

size?

Presence of

pleural plaque®

Fleiss’ kappa coefficient (95% CI)

Physician overall

0.59 (0.52-0.67)

0.29 (0.23-0.36)

0.65 (0.55-0.74)

0.30 (0.20-0.40)

Country

1 0.50 (0.39-0.61) 0.18 (0.05-0.32) 0.57 (0.42-0.72) 0.34 (0.19-0.49)
2 0.59 (0.51-0.67) 0.26 (0.20-0.32) 0.66 (0.57-0.75) 0.25 (0.16-0.34)
3 0.47 (0.38-0.55) 0.21 (0.13-0.30) 0.55 (0.40-0.70) 0.31 (0.20-0.42)
4 0.73 (0.66—0.80) 0.56 (0.48-0.65) 0.69 (0.59-0.79) 0.55 (0.42-0.68)
Specialty

Pulmonology 0.62 (0.54-0.69) 0.26 (0.20-0.31) 0.69 (0.61-0.77) 0.29 (0.19-0.38)

Occupational medicine

Public health
Radiology

Years after graduation

0.53 (0.45-0.61)
0.51 (0.39-0.64)
0.69 (0.61-0.77)

0.28 (0.20-0.37)
0.12 (0.02-0.22)
0.54 (0.45-0.64)

0.56 (0.44-0.68)
0.56 (0.38-0.75)
0.74 (0.64-0.83)

0.26 (0.16-0.35)
0.30 (0.12-0.48)
0.58 (0.44-0.71)

<5 0.67 (0.60-0.75)  0.39(0.32-0.46)  0.72 (0.63-0.80)  0.39 (0.27-0.51)
6-10 0.52 (0.44-0.61)  0.21(0.16-027)  0.59 (0.48-0.70)  0.26 (0.17-0.35)
>11 0.53 (0.45-0.61)  0.28 (0.20-0.36)  0.55 (0.43-0.67)  0.24 (0.14-0.34)

Number of reviewed pneumoconiosis CXR

None 0.55(0.48-0.62)  0.23(0.15-0.31)  0.61 (0.52-0.70)  0.22 (0.14-0.30)
<10 0.63 (0.55-0.71)  0.32(0.26-0.39)  0.68 (0.58-0.78)  0.33 (0.22-0.43)
<50 0.56 (0.47-0.64)  0.31(0.24-0.38)  0.60 (0.46-0.73)  0.29 (0.17-0.41)
>50 0.53 (0.42-0.64)  0.23(0.11-0.36)  0.68 (0.57-0.79)  0.34 (0.19-0.49)

a= Computation included the readings of 40 radiographs (9 boundary cases and 31 radiographs with small
opacities) for “small opacity shape”; included readings of all 60 radiographs for the others. b= Weighted kappa
coefficient. c= Unweighted kappa coefficient.

All kappa coefficients were significant at p<0.001.

Interpretation of kappa coefficients: <0.2 = poor, 0.21-0.4 = fair, 0.41-0.6 = moderate, 0.61-0.8 = good, and

0.81-1.0 = almost perfect agreement.



Table 3. Comparison between physician groups for accuracy in classifying radiographs for

pneumoconiosis
Physicians Small opacity  Small opacity Large opacity Pleural plaque
shape
Number Accuracy score®, Median (Interquartile range)

Physician overall 93 76.8 (29.3) 83.3 (25 88.9 (23.3) 61.1(25.5)
Country

1 6 63.7 (13.5)*** 79.2 (12.5) 74.1 (27.1) 68.3 (15.6)
2 54 73.9 (30.8)*** 75 (20.8)*** 88.9 (20.9) 56.1 (25.5)***
3 10 62.5 (16.8)***  66.7 (20.8)*** 772 (19.5)**  55.0 (15.6)***
4 (Reference) 23 91.8 (12.9) 95.8 (12.5) 97.6 (13.5) 85.6 (18.9)
Kruskal-Wallis test p<0.001 p<0.001 p=0.012 p<0.001
Specialty

Radiology 15 91.8 (25.0) 100 (16.7) 100 (13.5) 85.6 (18.9)
(Reference)

Pulmonology 40 77.1 (26.0)* 79.2 (22.9)** 95.1 (16.0) 58.3 (25.0)***

Occupational health 25 67.1 (35.8)** 75 (16.7)** 81.6 (30.6)**  60.0 (15.5)***

Public health 4 74.6 (32.2) 70.8 (31.2)* 72.4 (12.9)* 47.8 (13.3)%**
Kruskal-Wallis test p=0.005 p=0.002 p=0.003 p<0.001
Years after graduation

<5 (Reference) 37 87.1 (19.7) 87.5(20.8) 97.6 (11.1) 75.6 (27.8)

6-10 27 70.0 (34.4)**  66.7 (29.2)***  84.0 (20.9)** 55.6 (38.9)**

>11 15 67.1 (27.6)** 83.3 (12.5) 85.4 (16.0)* 57.8 (15.6)**
Kruskal-Wallis test p<0.001 p=10.002 p=0.005 p=0.001
Number of reviewed pneumoconiosis CXR

None (Reference) 17 70 (27.1) 75 (25) 88.9 (18.4) 53.3(25.6)

<10 41 83.9 (26.8) 83.3(25) 95.1 (16.0) 67.8 (33.3)

<50 20 75.2 (30.9) 83.3(22.9) 82.8(25.3) 61.1(28.9)

>50 6 71.2(26.4) 70.8 (29.2) 96.3 (8.7) 67.8 (26.7)
Kruskal-Wallis test p=0.10 p=0.206 p=0.113 p=0.139

a= Accuracy scores are calculated as Youden’s J index x 100, except for “small opacity shape”. Scores for
“small opacity shape” are percent agreement with experts’ classification of small opacities as rounded or
irregular.

Reference = reference group in Bonferroni correction for multiple comparisons

p values of Bonferroni correction for multiple comparisons: * p<0.05, ** p<0.01, *** p<0.001.
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